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ON THE DIFFUSION OF TRITIATED WATER THROUOH SKIN
THOMAS J. FRANZ, CPT, MC
A recent paper in this journal by Downes et
al (1) reported on the use of a simple in Vitro
method for determining the diffusion of water
through skin by measuring the unidirectional flux
of tritiated (radioactive water. The method con-
sists in mounting a piece of skin as a barrier be-
tween two glass chambers and measuring the
appearance of tritiated water in the solution
bathing one side of the skin after a known
amount has been added to the solution bathing
the opposite side of the skin. The method is
indeed a valid one for assaying the diffusion of
water through skin, however, the authors offer
it as a substitute for earlier, more difficult, meth-
ods which also claim to measure the diffusion of
water.
The basic problem is as follows. Although the
method of Downes et al measures the diffusion
of water through the skin, it does not measure
net movement of water. The value of 0.49 mg/
cm2/hr cited by them as the rate of diffusion of
water through mouse skin does not mean that
that much water is being lost from one of the
chambers, by passage into the other chamber.
Indeed, with isotonic saline on both sides of the
skin there should be no real movement, no net
movement of water (barring the presence of
active transport mechanisms). The 0.49 mg/
cm2/hr measured to be moving through the skin
in one direction is balanced by an equal amount
moving through in the opposite direction. This
is simply an exchange of water and takes place
across all membranes even when there is no
reol movement of water, no net movement, tak-
ing place.
In contrast to this work the earlier methods
(usually gravimetric and admittedly more diffi-
cult) measured the net amount of water travers-
ing the skin, that which is lost from one side
and not replaced. That the two methods can
give vastly different values is clearly exemplified
by the work of Hays and Leaf (2) who studied
the movement of water across the isolated toad
bladder using both methods simultaneously.
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Their results demonstrate one of the fundamen-
tal properties of the tracer technique, that it is
impossible to assess net movement simply from
the measurement of a unidirectionol flux. In the
absence of any net movement of water, Rays
and Leaf measured a unidirectional flux of
some 300—400 mg/cm2/hr. With a small net
movement of 5 mg/cm2/hr the unidirectional
flux was still over 300 mg/cm2/hr. Treatment of
the bladder with vasopressin resulted in a forty-
fold increase in net water movement, but only
a twofold increase in the unidirectional flux.
Results demonstrating the same phenomenon
have also been obtained in studies on frog skin
and toad skin (3).
Although useful information can be obtained
from the measurement of tritiated water diffu-
sion across the skin, the method described by
Downes et al will not allow one to obtain infor-
mation on the true rate of water loss through
the skin. It is unfortunate that earlier workers,
who actually measured net water loss, also used
the term diffusion in connection with their
measurements; for present evidence indicates
that water movement across both living and
non-living membranes in response to a pressure
gradient is largely non-diffusional in nature (2,
3, 4, 5). Thus, until more definitive experiments
are done on skin, it would be better to think of
water movement through it in response to a
pressure difference as being non-diffusional.
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